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AMPUCTHD SBOOEHCE POLYMOP PHISMS <ASP8) 

This application la a continuatlon-lii-part of 
application Serial No. 187,428 filed April 28, 1988 entitled 
••Gene Mapping and Genotyplng With PCR Polyaorphlams" and 
Incorporated herein by reference. 

BACKGROUND OP THE IMVENTION 

The current initiative to a»ap and sequence the entire 
human genome portends a detailed molecular understanding of 
all human genetic diseases. This Initiative is derived in 
part from the use of restriction fragment length 
polymorphisms (RPLPs) as genetic markers for mapping the 
human genome. 1/ RPLPs are found by screening cloned DNA 
aequencee for their ability to reveal sequence 
polymorjdiisms. Restriction enzyme digestion of genomic DNA 
creates fragment lengths which differ according to the 
presence or absence of a given restriction site. The 
fragments are separated by length on a gel, blotted, and 
hybridised with labeled cloned DHA to display the fragment 
length polymorphism for homologous fragments. HUltiple 
consecutive hybridizations of such probes to "reusable" 
southern blots cbntaining the DNA from appropriate pedigrees 
are required to map disease loci. 

A number of strategies to increase the productivity of 
gene mapping and genotyping with RPLPs have been developed. 

1/ Botstein, D., et al.. Construction of a g«n«tic 

linkage map in man "ainV'^^^^^^i^^^^fTMi TIlS) 
polymorphisms, Mn^r. J. Hu m. Genet. 32:314-331 (1980). 
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Scnnatic cell hybrids and sorted chronosomes have been used 
to Isolate markers on specific chroaosoaies.2/ The tofil 
and Tagi rasteiotion ensyaes reveal BFlPs with a higher 
frequency than other restriction ensymes because their 
recognition sequence contains the highly mutable CpG 
dlmer.3/ Highly polymorphic RFLPs are found in 
restriction fragments which span tandem repetitive 
sequences, such as those associated with the insulin 
g^Miefl/ and the H-ras gene.5/ CTeffreys et al.6/ discovered 
a serlM of polymorphisms by screening with a sequence 
homologous to many tandem repeat sequences. 

2> Cusella, J.f: , et al., isolation and localization of 
DMA segments from specific human chromosomes, Pree. Matl. 

2IJ2829-2833 (1980) » Davles, K.B., •tal-» 
^iiii^rrSpHsentative 5!fn««Jfl^^ of toe human X 
chromosome after sorting by flow cytomstry, Watnre 
fliondon^ 293 8374-376 (1981). 

3/ Barl»r, D,, et al., »ii:%~S^^SA**® 
^w a higher frequency of polymorphisms in human DMA, 

Cell 36:131-138 (1984) . 

4/ Bell. G.I., et al.. The highly polymorphic region near 
^ SSiA insulin gene' is composed o^l^Wf^^] 
repeating sequences, w«i^««i fLondon) a95j31-35 (1982) . 

5/ capon, D.J., et al., Complete nucieotide ff5"«|»«; °* 
fhe SS himan bladder carcinoma oncogene and its normal 
homologue, if^fayy /London) 302j33-37 (1983) . 

6/ Jeffreys, A.J., et al, Hypjr^iable "atoisatellU^^ 

!si^s^^ef^i.?l^v^^ 

of human OHA, ^"^^^ (T^ndon^ 316:76-79 (1985) . 
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Oligonucleotide hybridization is an Ijaportant 
technology in the analysis o£ sequence di«erenees.2/ 
Nakamura et al.fi/ coatoined the Jeffreys and Wallace 
technologies to create an eHicient strategy for isolating 
a large nunber of markers vhose polymorphism is based on a 
variable number of tandem repeats (VHTRs) . 

Despite this significant progress and the creation of 
the iy»phobla.told cell bank of the CBPH reference 
families for gene mapping,^/ much vork r«mins for all of 
the markers to be well mapp«l with respect to one another 
and for the more than 3000 genetic diseaseslO/ to be 
aapped with respect to the markers. A more efficient 

y Wallace, k.B. et al., S^fifi"^-? "^hi^^S^S^of 
3iigodeoxyribonucleotid« ^0 ^X 17 4 DKA^ 1^;.% :3M3-3 

Bingle base pair mismatdi, r>""T;^;^g^ j»,£ ^aaa 
(1983). 

„ a*. ■! Variable number tandem repeat 
235:1616-1622 (1987). 

9/ Dausaet, J., lA Centre ^'atude du polymorphisms 
IL.TS'^ Pr.^se Med. 15; 1801-1802 (1986). 

Baltimore (1986) . 
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neans of mapping n«w disease and maxkmr loci is needed. 
This mailing will lead to the disease causing gene. Once 
the detective gene is isolated, a noaber of abnoraal 
genotyiies are eaqpected to be found. This invention 
eonprises a systematic approach to gene mapping or 
genotyping based on the analysis, which may be 
simultaneous, of amplified sequence polymoirpibiaas (ASPs} . 

Recently, Saiki, HOllls, and collaborators have 
demonstrated the specific amplification of short genomic 
DHA sequences by incubating DHA, DHA polymerase, and 
flanking oligonucleotide primers coBglema n tary to opposite 
strands of the DMA followed by sequential rounds of DHA 
denaturation and polymerization .ii/ The efficiency of 
each round of . polymerization approaches 100% producing an 
aatplification after n rounds of nearly 2". This 
technique, known as polymerase chain reaction (PCR) , has 
been used to detect the sickle cell mutation, 12/ 

11/ Saiki, R.D., et al.. Enzymatic amplification of 

^lobln genomic sequences and restriction 

for diagnosis of siOkle cell anemia, science 230il350-l3S4 

(1985) ; KDllis, K., et al., SP«5ific enzymatic 
amplification of DHA in vitro: The polymerase chain 
reaction, eold Sprin q v^y^^ flvmp. Quant. Biol. 51:263-273 

(1986) . 

12/ saiki, R.D., supra , n. ill Ctoehab, P.F., et al.. 
Detection of sickle cell anemia and thalassaemias. Nature 
f London) 329:293-294 (1987); BBbury, S.H., et al., Bapi* 
prenatal eSagnosis of sickle call anemia by a new method 
of DWA analysis, H. Bnal. J. Med. 316:656-661 (1987). 
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/|-thalaa»«ttia BUtation8,12/ and H-raa mutation..!*/ 
Hlguchi, «t al.lS/ have shown the feasibility of using PCR 
to amplify UNA obtained from a single hair to detect 
polymorphisms in mitochondrial DMA and HIA class II 
genes. These studies have focused on the ability of PCR 
to amplify the amount of DNA in the sample. 

Allele specific PCR (AS-PCR) is described in Wallace, 
et al. application Serial Ko. 283,142 filed December 12, 
1988 and incorporated herein by reference. 

Another enzymatic amplification strategy using DHA 

llgase is described in Wallace application Serial Ho. 

178,377 filed April 6. 1988 and incorporated herein by 

reference. 

in the ligation an^llfication reaction (lAR) , two 
pairs of oligonucleotides are ligated. One pair Is 
complementary to adjacent nucleotides on the upper strand 
and the other pair is complementary to adjacent 

Hana c it al.. Characterization of ^-thalassaffloia 

jS(at?sS'uSi^'SiJi^ '?r^°n?"ss^3i;?3S6 

single copy DHA, riondon) 330:384-386 (XSBv}. 

. . o -r <i4- Ml Analvsis of RAS gene mutations in 
iJite'^io5i'i;u:LS'iy*SSSi^.e c^^^^ 
oligonucleotide probes, proc. Matl. Acad. Soi. PSA 
85:1629-1633 (1988). 

15/ Higuchl, R., et al., DKA typing from single hairs, 
wSture riondon) 332:543-546 (1988). 
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nacl«otid«a of the lower strand ot the target im. The 
ai^lif ication product accuanlates exponentially because 
the products of each round of ligation serve as templates 
for subsequent rounds. The lAH is favored by perfect base 
pairing at the ligation site. Under appropriate 
conditions in the presence of sequence variation, the 
reaction proceeds for one allele but not for others. 

fU>»tlllfclQM 

For the purposes of this application, the folloving 

definitions apply. 

Polynucleotide— A nucleic acid molecule coniposed of 
more than one nucleotide, e.g., HHA or DHA- 

Amplified Sequence Polymorphism (ASP) —The product of 
amplification as by the PCR or the LftR of a polymorphic 
target polynucleotide sequence having a preselected locus 
specific characteristic (LSC) , e.g. , restriction fragment 
length, allele specif io hybridization capability, gel 
mddility or a colorimetrlc or Isotopic label. 

Marker — oaie preselected. LSC of an ASP. 

Locus Specific Fragment (L8P)— A fragment of an 
amplified polynucleotide having or Including an LSC. 

Class I ASP— An ASP in which the LSC is the presence 
or absence of a. restriction endonuclease site- • 
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Claas II ASP—An ASP In whloh ISC is a preselectea 
nucleotide deletion or insertion variation in a DNA target 
segaence or a restriction fragment length polymorphism 
based on the presence of VNTRs. 

Class III ASP—An ASP in which the JSC is a base pair 
•ubstitution or a small consistent nucleotide deletion not 
creating an RSXP. 

guMMTv of tha Invention 
ASP technology provides amplified polynucleotide 
target sequences containing the variation of a polymorphic 
locus. The amplified target sequences may be 
distinguished inteir se by a unique physical property, thus 
facUitating aiiaultaneous, automatic analysis for multiple 
loci. A preferred physical property is the length or 
number of nucleotides in the entire amplified target 
sequence producing an LSF. 

The spacing between DSA sequences on a gel is a 
ftmction of sequence size. ASP tecihnology permits 
preselection of se(juence size with the result that such 
gal spacing can be maintained substantially constant. In 
addition, preselected sequence size differences can be 
resolved on the basis of electrophoresis time over a fixed 
distance rather than by location on a gel. 
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The length of amplified target sequences or of lsfs is 
determined by choice and position of primers used for VCR 
or for allele specific PCR (AS-PCR) . The presence or 
absence of alleles at each locus may be determined by 
allele specific primer extension (AS-PE) using primers of 
predetermined length. The length of an AS-PB product is 
characteristic of the locus, and the presence or absence 
of such product is characteristic of the allele of the 
locus. Preferably, multiple target sequences are 
simultaneously amplified, and the amplification products 
simultaneously analyzed. 

The invention also includes means for predetermining 
appropriate PCR primer lengths and a rapid and simple 
method for preparing DKA for ASP analysis. 

T'MTtjmt. Sequence Anmlifi ew-fc^on Primers 

PCR and LAR amplification primers may be selected or 
developed either ftom published information or by 
sequencing the D»A segments flanking a particular 
polymorphism* 

This aspect of the invention importantly involves the 
determination of a temperature at which a primer of a 
given length will prime for a template base of any base 
composition. This determination is based upon a 
relationship between the stability of the duplex of an 
oligonucleotide primer and a template and the 
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oligonucleotlde's ability to prine in a PCR at a given 
polymeriration temperature. Thia consideration is 
liBportant because the temperature of polymerisation and 
annealing when PCR is done with a thermostable enzyme, 
a.q., mH^^.o >«u«tieus cm)' ™y twrature 
at which the primer is stably hybridiaed to the template. 

It is reported that in a primer-template duplex the 
stability contributed by a G:C base pair is twice that 
conteibuted by an A:T base pair.i«/ On that assumption, a 
normalized length. !«, can be determined by the equation 
I^-(mnnber of A and T) + 2 (number of G and C) . Based on 
a systematic study of the temperature at which various 
primer-template combinations yield a successful PCR 
product as well as temperatures at which no amplification 
is observed, a priming temperature at which a primer with 
a certain length and base composition can be determined, 
per example, Figure 1 is a curve showing the maximum 
temperature at which a given primer yielded an 
amplification product as a function of the normalized 

T<7 — «t al. In "Developmental Biology using 
Sllular Biology," ».D;Bro^.ig e^ P«^.aj-^^ ^^ 

MO. 54, pp. 683-693 (1981). 
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length (O) as well as a curve shoving tbe mlnimnm 
tenperatnire at: vblch no amplification was seen for a given 
primer as a function of normalised length (•) « 

The Figure l curves reflect data utilizing the 
primer^template sets set forth in Table Z« 



TAHUB I 



RBIATI0MSH7P BBTITEEN FRIHER I2HGTH AND SEQOEHCS 
AHD ITS ABILITY TO PRIME IN PCR 



Gene 


Primer Name 


Sequence 


6+C/L 


Ln 




tn 


/-globlxi 


BGP-l 


GGGCTGGGCATAAAAGTCA 


10/19 




62 


67 


B6P-2 


AATA6ACCAATM»;CAGAG 


8/19 


27 




H-Ras 5' 


CXCTAGGAG6ACC0CGG0 


13/18 




67 


69 


H-Ras 3' 


CTCTCATCCCCCTCATGCC 


12/19 


31 


/-glob in 


BGP-l 


GGGCTGGGCA*IAAAAGTCA 


10/19 


22 


55 


59 


0N14A 


CACCTGACTCCTGA 


a/14 


HIA DQ^ 


HIA I 


GAAGACATTGTGGCIGACCA 


10/20 


30 


65 


69 


HLA F 


AtTGGXAGGAGOGGTAGAGTT 


10/21 








HLA DQi 


DQa.3 5' 


ATGGTCCCTCTGGG 


9/14 


20 


51 


55 


DQ^3 3' 


GAGCGTTnVATCAC 


6/14 


33.6 


33-6 5' 


TGTGAGTAGAGGAGACCTCA 


10/20 




64 


67 


33.6 3' 


AA0GTGTGGACA6ACAAA0A 


9/20 


29 


Insulin 


IMS 5' 


TAAGGCAGGGTGGGAACTA6 


11/20 






67 


INS 3' 


GCGACTTTCGACAXTAGAOC 


10/20 


30 


64 


33*4 


33.4 5' 


ATGGGGGACC66GCCAGA0C 


15/20 






74 


33,4 3' 


CCAGGAGGCCACCAGAACCfr 


13/20 


33 


72 



Tt, is the Baxlttum temperature at which priming is observed. 

Tn is the ainimtna temperature at which priming is not observed. 

G+C is the number of Gs and Cs in the sequence, and L is the length. 

Formula to calculate normalized length: 
Ln"(#G+C) + (iA-Hr) 

Formula to calculate Tp from the fit of the data: 
Tp-22-7+1.4(Ln) 
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AS-FCR 

AS-PCR providM direct determination ot ganotypo by 
the presence or absance of a apeclfic asqi^llflad aequence. 
TWO allele specific oligonucleotide primers, one specific 
for a variant allele and one specific for a normal allele, 
together with another primer complementary to both 
alleles, are used in the PCR with genomic DMA tenqplates. 
The allele specific primers differ from each other, for 
example, in their terminal 3' nucleotide- Under 
appropriate primer annealing te^erature and PGR 
conditions, these primeM only direct amplification on 
their complementary allele. 

to iE5>brtant aspect of this invention therefore is the 
use of AS-PCR to produce ASPs because a single step yields 
not only a locus but , also an LSP. Simultaneous analysis 
of multiple loci is facilitated. For example, with 10 
sets of primers, 10 individual PCRs may be conducted or 
the 10 Bests may be conducted simultaneously. The size of 
the 10 locus specific sequences in the amplification 
product may be preset in the range of 100 to 500 base 
pairs. If the length (L) of the LSP for the ith locus is 
related to the length of locus i+l as follows 

log (L(i+i)»log Li + 0.078 (for 10 loci 100-500 bp) 
then the LSAs will be equidistant from each other when 
resolved on a gel. 
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Pigure 2 llluatrate« a hypothetical result. Pi and P2 
referenced in Figure 2 are the primer sets specific for 
allele 1 and allele 2 of the particular polymorphic 
locus. Ten loci each with a different length between 100 
and 500 base pairs are shown. The hypothetical individual 
ia hoteroaygous for loci 1, 3, 6, 8 and 10. 

AS-PE 

Another important aspect of the Invention involves 
allele specific primer extension (AS-PB) to detect allele 
variation in PC31 amplified target sequences. A DNA 
polynerasa, e.g. Tag polymerase, is used in a primer 
extension reaction to tost for the presence or absence of 
a particular nucleotide involved in a polymorphism. The 
following description elucidates this aspect of the 
invention utilizing sickle cell anemia as a model for 
single nucleotide polymorphism. 

As shown in Figure 3, ASP-A is a l9-nucleotide long 
primer that is coB5>lementary to the antisense strand of 
the ^-globln gene. The primer anneals to the ^-globin 
gene sequence Immediately 3' and adjacent to the 
nucleotide involved in the A->T transversion mutation of 
the sickle cell allele. In a primer ertension reaction in 
which only a single a-[33p]dNTP is added, the ^ allele 
will direct the incorporation of dATP and the ^ allele 
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will direct tlm Incorporation of dTTP. Thus, tlie primer 
extension reaction gives rise to a labeled oligonucleotide 
one nucleotide longer than the primer and in an allele 
apecific vay« 

The length of the oligonucleotide used in the priaer 
extension reaction can be varied, either by xaJdng it 
cosipleBientary to more nucleotides of the tenplate or, 
preferably, by oiaintalning the extent of template 
compXein^tarity and adding additional, non-tenplate 
complementazy. nucleotides to the 5' end of the primer. In 
the latter ca&se, multiple AS-FB reactions can be analyzed 
on a single gel. Multiple, independent AS-PE extensions 
can be accraqplished in a single reaction. 

In a typical AS-PB eaqderiaent, 3 ^1 of a 25 cycle, PCR 
aaiplif led ^-globin DMA sample that has been gel purified 
to remove the PCR primers was used as the tenplate for the 
single nucleotide extension of the ASP-A priner. AS-FE 
reactions were perfomed vith 0.5 i<tl ASP-A in the presence 
of 50 m KCl, 10 nM Tris-HCl (pH 8.3), 1-5 nM MigCl2, 0.01% 
(v/v) gelatin, 2.5 units of Taa polymerase, and either 3 
mH of [a-32p]dj,«cp or [a-^2p]inip (300 Ci/n»ol) . 10 ill of 
mineral oil was layered on top of the reaction mixture (10 
Ml total volume) to prevent evaporation. The sample was 
then heated for 5 min at 95* C and allowed to incubate at 
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69 'C for 2 hr. At the end of the Incubation, 3 fil was 
removed from the reaction mixture and subjected to 
electrophoresis on a 7 M urea 23% polyacrylamide gel. The 
results are shown in Figure 4. Hots the absence of a band 
In lane b and lane c. 

In the preferred prartlce of the invention, a 
plurality of target sequences are simultaneously 
amplified. Both non-VNTR loci and VWTR loci may be 
simultaneously amplified by a single PCR reaction without 
serious compromise of the amplification efficiency of 
individual loci. 

To test whether three non-VHTR loci could be 
simultaneously amplified by PCR in a single reaction 
without an effect on amplification efficiency of 
individual loci, three well <*aracteriied single copy 
genes, ^-globin, Klrsten ras oncogene (K-ras) and growth 
hormone (hGH) , were chosen. PCR was carried out using 
purified normal human leukocyte DHA as the template. The 
primer sets used were all 19 or 20 nucleotides in length, 
under appropriate conditions (55*C/2 mln annealing, 
72*C/3 mln polymerization using Tag DNA polymerase, and 
94*C/1 mln denaturation, for 20 cycles), the primer 8et(8) 
used single or in combination with the others, each 
directed the amplification of a single specific major DNA 
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fragaen^. Xbe reaction siixtore (50 /a) contained in 
addition to the appropriate buffer, O.S pg tenrplate DNA, 
0.1 aOf each of d&TF, dCTF, dGTP, and DTP, 12.5 pmol of 
each priaer and 2«5 units of Tag DNA polysiarase (Cetus) • 
These a]Q>lified DNA fragment (s) were recognizable by 
ethidlum bromide staining following agarose gel 
electrophoresis and did not require any hybridization 
step. Under appropriate conditions and using suitable 
primer sets, multiple, e.g., six to ten, different DNA 
fragments may be asqplified in one reaction mixture. 

A similar experiment vas done with three VNTR loci 
33.6 (Jeffreys, supra), 33.1 (Jeffreys, supra ) and H-ras. 
Specifically, in a 50 iaI reaction, 7.5 units 
polymerase, 25 pmol of each primer and 20 cycles of PGR 
with the program 67'C/15 sec., 72*C/6 mln, 94-c/l min. It 
vas possible to detect the alleles of all three loci by 
visualization with ethidixim bromide staining or by 
blotting and hybridization with a mixture of probes 
specific for the three VNTR loci. 

Class I ASPS 

Class X ASPS are generally illustrated by Figure 5. 
The figure illustrates two oligonucleotide primers (PI and 
P2] complementary to opposite strands of raA flanking 
restriction site polymorphisms In a ONA target sequence. 
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Fotir PCR amplified target sequences 1, 2^ 3 and 4 are 
shown. Only sequences l and 2 Include the amplified 
restriction site. The presence or absence of the 
restriction site in amplification product is revealed by 
digestion with the appropriate ensyme and determining the 
size of the restriction fragments in known manner. 

Claaa II ASPs 

Class II ASPS are generally illustrated by Figure 6 In 
which PI and P2 are oligonucleotide primers as described 
with reference to Figure 5. The PCR amplification product 
of two DKA sequences of different length (number of 
nucleotides) is shown. The length difference reflects the 
deletion or insertion of one or more nucleotides or the 
number of tandem repeats of a VNTR. Class II ASPs based 
on the presence of VNTRs are valuable for association 
studies between specific alleles at the polymorphism 
marker locus and a disease such as the analysis of the 
association between the H-Ras tandem repeat and cancer. 

Example 1 

Primers complementary to the single copy DNA flanking 
the VNTR region were chosen for the 33.6 locus (Jeffreys^ 
1985, supra). 
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OUA (250 ng) from 4 mambars of a family (father, 
aiotli€u:, and two sons) were amplified in a SO /il reaction 
containing 12.5 paol of each, priserr 200 /iH dMTPs, 2.5 
nnits Tag polymerase and the appropriate buffer. 
Reactions vere overlaid vith oil and subjected to 20 
cycles of FCR vitli the following conditions: 67'C/15 sec, 
72*C/6 min# 94*C/1 min. The products of the reaction were 
than subjected to electrophoresis on a 1.5% agarose gel, 
stained with ethidium bromide and visualized by 
photographing under tTV light* The WK fragments were then 
transfearred to a nylon membrane (Genetran) by blotting and 
then hybridised with a probe specific for the VNTR 
region. After washing, the filter was then eaqposed to 
X-ray film. 

Figure 7 is a repiroduction of the esqposed X-Ray film. 
As the figure shows, in this highly polymorphic locus, 
three alleles are seen in this family, the father with 
alleles 1 and 2 and the mother with allele 3 
(homozygous} ^ The sons have inherited the alleles from 
the parents In a mendellan fashion. The exaxqple 
represents the generation of Class ZI ASPs for this 33.6 
locus » 
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Bxaaole 2 

Priaers were selected in the naimer described in 
Exaaqple 1. 

DNA (250 ng) from 14 unrelated individuals was 
aaplified in a 50 /il reaction containing 12.5 pmol of each 
primer, 200 m dMTPs, 2.5 units Tag polymerase and the 
appropriate buffer. Reactions were overlaid with oil and 
subjected to 20 cycles of PGR with the following 
conditions: 67-C/15 sec, 72-C/6 min, 94-C/l min. The 
products of the reaction were then subjected to 
electrophoresis on a 1.5% agarose gel, stained with 
ethidiuB bromide and visualized by photographing under UV 
light. The DHA fragments were then transferred to a nylon 
membrane (Genetran) by blotting and then hybridized with a 
probe specific for the TNTR region. After washing, the 
filter was scanned on an Ambis Mark II radioactive 
scanner. The results are shown by Figure 8. As the 
figure shows, of these 14 individuals, only one appears to 
be homozygous for the highly polymorphic locus. This 
example represents the generation of class II ASPs for 
this locus. 
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In like naxmar, the loci for (1) H-ras VMTR, 
(11) insulin gene VNTR, (ill) 33*1 (Jeffreys, supra ) , 
(iv) 33.4 (Jeffreys, sttpral , (v) 3'a-globln VHTR, and 
(vi) ^-globin VNZR have been converted into Class IX ASPs. 

Class III ASPS 

Class HI ASP generation is typified by Figtire 9 in 
vhlch PI and P2 are primer oligonucleotides as described 
with reference to Figure 5. Four axqplified DNA sequences 
wtiich include 2 alleles are shown. Hybridiza'tion with 
allele specific oligonucleotide (ASO) probes 
sixmiltaneouBly reveals the location of the allele 
including the preselected locus specific characteristic as 
shewn by Figure 9. Figure 9 shows one allele that 
Iqrbridizes ( — ) to an oligonucleotide specific for allele 
1 and does not hybridise (^) vith the oligonucleotide 
specific for allele 2 and a second allele that hybridizes 
in the opposite way. 

Class in ASPs can also be visualized by hybridizing a 
blot containing the fragments with a mlMure of 
oligonucleotides, one specific for one eillele of each 
relevant locus. For example, a labelled oligonucleotide 
probe specif Ic for allele 1 may be mixed with a ten-fold 
molar excess of unlabeled probe specific for allele 2. 
COBpe^ltlon hybridization as described in parent 
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application Serial No. 187,428 with such a mixed probe 
assures absolute discrimination betveen the two 
alleles. 12/ After one allele for each locus has been 
visualized, the probe can be removed and the blot 
rehybrldlzed with a probe mixture to the other alleles. 

Example 3 

Oligonucleotides having the sequences shown in 
Table II were synthesized and purified as described 
previously- 

18/ 

TABLE II 

Ollao Genoa Sequence (S^->3^) 

-A CTCCTGAGCAGAAGTCTGC 
H^ISA " 

CTCCTGTGGAGAACTCTGC 

Efil9S 

a The oligos are perfectly complementary either to the 
normal human /»-globin gene (/J^) or to the sickle cell 
^-globin gene W^) • 



42:23-28 (1986). 
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Hdnal fi^) , sickle coll disease {fP, ^) , and 
sickle cell trait fi) genomic DMA aai^iles were 
prepared as described by nu and Wallace, supra > n. 18. 
^-tbalassenla major mOL was prepared from EBV transformed 
lymphocites in culture (GM2267 cells from NIGHS Human 
Genetic Mutant Cell Repository, Camden N.J.)* cells 
were derived from a patient with a homozygous deletion of 
tbe and /i-globin genes « Both plasmid and genomic OKA 
ranvlos were treated with restriction enzymes (Bam HI 
and/or Tag X) and Bxo III nuclease prior to serving as 
templates in ligation reactions. 

PGR primers^ BSPl and B6F2, are 19 nucleotide long 
synthetic oligonucleotides, which anneal to opposite 
strands of the /J-globin gene at positions 256 nucleotides 
a^art (Chehab et al., 1987, . supra ) ■ i ^g c^ genomic D»A 
ssivles are routinely used as template in these 
reactions. Aanplification reactions are performed 
accordingly with the Poljnnerase Chain Reaction Kit 
fPerkin-Blmex^-Cetus) .including 2.5 unit of Tag DMA 
polymerase and 2.5 fiM of oligonucleotide primers. 30 
rounds of EMA amplification gave approximately 5 XIO^ fold 
amplification. A 10 isl aliquot of the reaction mixture 
was subsequently subjected to electrophoresis on a 1*5* 
agarose gel at 60 V for 5 hr and transferred to a Genetran 
nylon membrane using 20 X SSC according to Southern 
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(Southern, 1975). 10 ^1 aliqttots of the reaction mixture 
are used as teinplate for LAR. 

The Genetran membrane vas hybridized to labeled 
oligonucleotide probes^ IV19S and Hfil9A, in 5X SSPE (IX 
SSPK- 

10 SKM sodium phosphate -pH 7.0, 0.18 N Naci, and 1 mH 
EOTA) , 1* NaDodS04, 10 pg/ul of Homomix RKA, and 10* 
cpn/ml of labeled oligonucleotide with 10 fold excess 
unlabeled compatitor at 47 for 2 hr (Nozari et al., 
1986, supra ) . The membrane was first washed In room 
temperature with 6X BSC three times for 30 min (IX SSC = 
150 mM NaCl and 15 mM sodiim citrate) • A subseq[uent wash 
in TMACl solution for 1 hr at 59*C removed all detectable 
mismatch hybridization. (TMACl « 50 mM Trie, pH 8.0, 3 M 
tetramethylammonium chloride, 2 mM EOTA, o.25» SDS) . The 
results are shown in Figure 10. 

Class III ASPS of particular interest include the 
common mutations that cause CpG diaers to mutate into Tp6 
or CpA dimers. Class III ASPs are also especially 
valuable for cloned genes which have not been shown to 
have RFLPs. If two oligonucleotides, one that Includes 
the wild-type sequence and one that includes the altered 



sequence, are synthesized, then all of the three possible 
genotypes can be analyzed unambiguously. Homoaygotes for 
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the presence of one allele will hybridize with the first 
oligonucleotide; homozygotes for presence of the second 
allele will hybridize with the second oligonucleotide; 
heterozygotes will hybridize with both. 

In general, high nolecolar weight genomic dna, 
purified by phenol/chloroform extraction of freshly 
pr^ared leukocyte nuclei from newly collected heparlnlzed 
venous blood, is used as the tea«>late for priner initiated 
amplification of specific target sequences by PCR. 

One aspect of the invention involves the discovery 
that the partially purified DM^ (for example, by glass 
powder binding method) 12/ from stored nuclei frozen in 
buffer or in ethanol at about -20 'C worlcs well as a 
tenplate in PCR, compared to the hi^ly purified DNA from 
freshly prepared nuclei isolated from the same blood 
specimen. Partially purified DHA prepared by other 
methods (e.g. digestion of stored nuclei with 0.4M KOH at 
80' C for 10 min followed by neutralization with 2N 
perchloric acid at Or4*C)25/ failed to amplify specific 
sequence(s} Initiated by the primer 8et(s) . 

19/ Vogelstein, B., et al.. Preparation and analytical 
purification of DMA from agarose, Proc.Matl. Acad. 3ci.U3A 
26:615-619 (1979). 

20/ Mblntyre, P., et al., A qoantitatlye method for 
mialyzlng specific DNA sequences directly from whole 
cells, Anal.Biochgn. 174:209-214 (1988). 
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Pigure 11 shows one aspect of the gene napping utility 
of ASP technology, A series of i PCR aaplified DNA 
target aequences is depicted. Bach amplified target 
sequence has the length xi + + C*Mi, where xi is the 
distance from the first primer to the marker H, xa is a 
constant distance, C is a spacing constant, and Mi is the 
marker unique to the ith locus. If a series of loci is 
being analyzed, the 1th amplified target sequence 
including the Marker Mi is derived from the sequence at 
the 1th locus in one individual. If a series of 
individuals is being analysed for the same locus, the P2 
primer is different for each individual so that the 1th 
amplified target sequence is derived from the sequences at 
a specific locus in the 1th individual. 

For example, in a gene mapping experiment, a aeries of 
80 markers (Mi whore i - 1,80) well spaced along the 
genome are selected. For the genotyping of individuals at 
one or more disease-causing loci, the 80 markers represent 
target sequence variations or polymorphisms at the marker 
loci. Oligonucleotide primers are synthesized and 
positioned so that each of the markers is included in a 
sequence of unique, locus specific length. For example, 
when restriction enzymes are used as with Class I and some 
Class XI ASPS, the uncut amplified target sequence lengths 



WOS»a0414 



PCI/US89/018Q7 



-26- 



could l>e Xi. + X2 + C*Ki, and the cut target^ sequence 
langths xi and X2 + C*Mi the locus specific sequence, 
irtiere C is the number of bases desired between cut 
sequences, in the case of Class II JUSPs which do not 
involve restriction site polyioorphiaiB and Class III ASPs, 
the series could be sisiply X2 C^Hj.. 

At least four, and preferably five, automation devices 
are used in ASP technology- Figure 12 illustrates one 
ccnnbination of these devices useful for the complete 
automation of genotyping and gene mapping experiments. 
Referring to Figure 12, the cosotbination includes a 
coaputer 1, a sample memagement system 2, an 
oligonucleotide synthesis machine 3, an oligonucleotide 
tt^lifioation machine 4, and an amplified DMA target 
sequence analyzer 5. 

SO understood, the invention includes a single device 
ac system capable of creating oligonucleotides, running 
ai^ification and enzyme reactions, and loading reaction 
products onto an automated gel eletrophoresis instrument, 
all controlled through a computer with logic for 
calculating likelihoods of models from pedigree data, 13/ 

21/ Blston, R.c. and Stewart, J., A 

imetic analysis of pedigree data, Hum. Hei»i. |l:323-542 
(1971); cannings, C, et al,, Probability functions on 
complex pedigrees. Adv. Atml. Probl> 10:26-91 (1978) . 
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for artificial intelligence capabilities, and for 
oligonucleotide deeign and control of gene mapping 
experiments and for conducting a search for ASPs in a 
region of interest. 

Pragment length differences can be very small and 
thousands of ASPs could bo assayed simultaneously on one 
gel. Bishop and S)colnlclc22/ have shown that under many 
circumstances, gene mapping experiments can yield a set of 
likely localizations for a gene with a reasonably snail 
number of observations. For mapping a rare dominant 
disease to a set of genetic markers which are well spaced 
along the genome and have two common alleles, fewer than 
6,000 data points are needed to obtain an expected LOD 
score of 3 between the disease locus and the closet 
genetic marker. Therefore one gel would suffice to 
indicate a set of the most probable nap locations for a 
gene. A second gel would permit selection of the correct 
location and simultaneously provide a fine structure nap. 

XBBileations to Hunan Diseases" (T. Caskey ana R. 
Applicarxons TO nu«i ^vrimj Harbor Laboratory, Cold 

^Ull my' fi983)aS Bishop, D.T. and Skolnick, 
Harbor Laboratory, pp. 421-433 (1980). 
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If 10 PCE^ were prepared In the same reaction, and 50 
reactions were prepared per run of a PGR machine, the 
machine would then have to be loaded 12 tines to produce 
enough, reactions to load the initial gel. Xf a PGR 
machine were loaded twice a day, and t«ro PGR machines 
utilized at; a tine, then a gene would be localized in one 
vorX-week. The expeidnent would proceed even faster, if 
the: PGR machine were further automated and interfaced with 
an intelligent controller so that, reactions occurred 
around the clock and were collected until the gel was 
ready to be loaded. 

In addition to straightforward gene mapping 
oxBsrimentSr ASPs will be useful in a number of other 
^EPiications. For example, hospital genotyping 
individuals for a specific disease will have rapid, 
ism^pensive results. Gooqplex genotyping for a large 
fiacOy can be obtained in a single, rapid experiment. A 
a^sgle run through the PGR reaction machine will give a 
genotypical profile. of an individual at hundreds of loci. 
Su<& typing is ideal for paternity testing, forensic 
medicine,, or genotyping an individual for loci determining 
ifl^ortant susceptibilities. For frequent 2 allele 
EocEymorphisms, the genol^es of two individuals selected 
nSt random from a population have a probability of less 
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tlian 1/2 ot being identical. Therefore, with 40 marker 
loci, the probability of wrongly identifying a random 
individual through his genotype is less than 1 in a 10^2 . 

A number of gene mapping problems require a high 
density of markers, e.g. , the auto2ygo8ity method to map. 
rare recessive8,22/ the resolution of genetic 
heterogeneity by simultaneously mapping to multiple 
loci, 24/ and mapping traits that are due to interactions 
of multiple loci, rare conditions, or highly coii«»lex 
predispositions with low penetrance. Simultaneous ASPs 
allow the necessary density of markers to be achieved with 
a reasonable level of effort, thus making these approaches 
feasible. 

ASP technology opens up new possibilities for the 
study of recombination. A dense map of markers will allow 
one to identify crossovers precisely, infer chiasms 

I!rS^ B^t3g;irS: /SS^ozy iSsity mapping: A way to map 
hi^ recessive traits with the DMA of inbred children. 
Science , 236:15«7-1570 (1987). 

24/ Lander, B.S. and Botstein, D., Strategies for 
MidvSSa heterogeneous genetic traits in humans by using a 
uSJ^'mS oHStriction fragment length polymorphisms, 
iiorT Matl. Acad. Scl. USA 83:7353-7357 (1986) . 
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distributions, and utilize the information for an analysis 
of chias3ia<»based interference. 2^ The ability to analyze 
ASPS on DNA aBq;aif ied from a single sperm or diploid 
cell3^ creates nev possibilities in gene mapping, 
genotyping and the analysis of recombination. If each 
gamete wesre treated as a haploid offspring so that 
literally thousands of meiotic products of a single 
individual could be studied, the map order of very close 
markers could be resolved and the study of recombination 
vould become even more specific. 

ASP technology will also greatly facilitate 
agricultural experiments in ^ich a gene found in one 
strain is Inserted Into another strain through controlled 
breeding experiments. Genetic markers are required to 
select the offspring who retain the gene crossed into the 
strain, who also retain as muc£h of their original genetic 
compositions as possible. 



25/ Goldgar, D.E., and Fain, P.R., A mixed 

genetic interference, Amer. J. Hum. Genet. 41SsA167 (1987) 

26/ Li, H.H., et al., Amplification and analysis of DNA 
sequences in a single human sperm and diploid cells, 
Nature 335 i414->417 (1988). 
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NE CLAIM: 

1. A method for slnultaneously detexminlng the 
genotype at a plurality of polymorphic loci in a 
polynucleotide target sequence, each of said loci having a 
preselected measurable locus specific characteristic which 
comprises: 

amplifying at least one polynucleotide target 
sequence which may or may not include such loci to 
provide an amplification product containing a 
plurality of said target sequences; and 

analyzing the amplification product to determine 
the presence or absence of target sequences which 
include said preselected locus specific cSharacteristic. 
2- A method as defined in claim 1 in which the locus 
specific characteristic at each loci is (1) a restriction 
site, (11) the length of a restriction fragment, (iii) a 
sequence complementary to an allele-speclflc 
oligonucleotide probe, (iv) the length of a repeat unit in 
a VNTR sequence, or (v) a labelled DMA sequence. 

3, A method as. defined by claim 1 or claim 2 in which 
the target sequence is amplified by the polymerase chain 
reaction. 

4. A method as defined by claim 1 or claim 2 in which 
the target sequence is amplified by the ligation 
ainplification reaction. 
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5* A method as defined by claim 1^ 2 or 3 in i^ch 
the poiynucleotide targel; aequence is a DHA target 
sequence • . 

6. A method as defined by claim 1 in irtiich the 
polynucleotide target sequence is a DHA target sequence 
and said sequence is anqpllf led by the polymerase chain 
reaction* 

?• A method for determining the genotype at a 
plurality of polymorphic loci in a polynucleotide target 
sequence, which loci may or may not include a preselected 
locus specific characteristic due to (i) deletion/ 
insertion variations, (ii) variable number tandem repeats, 
<iii) base pair substitution, or (iv) small consistent 
deletions ^diich comprises: 

amplifying polynucleotide target sequences ^ich 
may or may not include said preselected locus specific 
characteristic to produce a product containing a 
plurality of anqplified target sequences of different 
length; 

the length of amplified target sequences in said 
amplification product having been predetermined by the 
positioning of the primers utilized in the 
amplification process on the target sequence; and 

visualizing the differences in the lengths of 
target sequences in the amplification product. 
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8. A method as defined by claim 7 in vhich the target 
sequence is a DMA target sequence which is amplified by a 
polymerase chain reaction* 

9. A method for simultaneously determining the 
genotype at a plurality of polymorphic loci in a 
polynucleotide target sequence, which sequence may or may 
not include a preselected locus specific characteristic 
restriction site which comprises: 

ax^lifying a target sequence; 
digesting the amplification product with a 
restriction enzyme effective to cleave said product at 
such preselected restriction sites, if present; and 

analyzing at least some of the cleave fragments. 
10 • A method as defined by claim 9 in which at least 
some of the cleavage fragments are analyzed by visualizing 
the length thereof. 

11. A method for determining the genotype of a 
plurality of polymorphic loci in a DHA target sequence, 
which sequence may or may not include a preselected 
genotypical enzyme restriction site which comprises: 

amplifying a DNA target sequence spanning the 
said loci by a polymerase chain reaction to produce an 
amplification product containing a plurality of DNA 
target sequences; 
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aiqBBizlng the aaqEdlflcation prodact with a 
restriction enzyme effective to provide fragments 
flanking said restriction sites, if preisent, in the 
DMA tairget sequences included in said amplification 
product; 

the length of said fragments having been 
determined by preselection of the number of 
nucleotides separating said restriction sites on said 
target DNA from at least one of the oligonucleotide 
primers utilized in said polymerase chain reaction; and 

visualizing the lengths of said fragments. 

12. A method for the creation of new genetic markers 
and the simultaneous determination of multiple genetic 
markers in a genome DNA saoqpie, comprising: 

anq^lifying said genomic DNA sample to provide an 
amplification product containing a plurality of 
sequences ^ich may or may not include said DMA 
sequence variation; and 

determining the presence or absence of DNA 
sequence variation in said plurality of amplification 
product sequences, 

13. The method of claim 12 in which the sequence 
variation in said genomic DNA sample comprises a cleavage 
site of a restriction ienzyme. 
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14. The method of clalB 12 in which the sequence 
variation in said genoaic DHA sample coapriaeB the 
deletion or insertion of a nucleotide. 

l-S. The method of claim 12 in which the sequence 
variation in said genomic DMA sample comprises the 
presence of variable number tandem repeats (VNTRs) In said 
mn sample. 

16. The method of claim 12 in which the sequence 
variation in said genomic DHA sample comprises base pair 
substitution polymorphism. 

17. The method of claim 12 in which the sequence 
variation in said genomic DMA sample comprises small 
consistent nucleotide deletions. 

18. The method of claim 12 in which the sequence 
variation is detected by digestion of the amplified DHA 
sample with a restriction enayme and visualizing the 
resulting DHA fragments. 

19. A method for the simultaneous determination of 
multiple genetic markers comprising: 

amplifying. by a polymerase chain reaction a 
genomic DNA sample spanning a preselected enayme 

restriction site; 

digesting the amplification product with a 
restriction enzyme effective to cleave said product at 
said preselected restriction site? 
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the length of said fragmenta produced by said 
cleavage having been predetermined by the number of 
nucleotides separating said restriction site of said 
sample from at least one of the oligonucleotide 
primers used in said polymerase chain reaction; and 

analyzing the cleavage product to determine the 
presence or absence therein of fragments of said 
predetermined length. 

20. A method as defined by claim 19 in which the 
presence or absence in said cleavage product of a fragment 
of predetermined length is determined by gel 
electrophoresis • 

21. K method as defined by claim 19 in ^ich the 
presence or absence in said cleavage product of a fragment 
of determined length is deteannined by the location of said 
fragment on a gel. 

22. h method as defined by claim 19 in which the 
presence or absence of said cleavage product of a fragment 
of determined length is determined by the elapsed time 
required for a fragment to appear at a predetermined 
location on a gel. 
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23. A aethod for determining the presence or absence 
in a DWA target sequence of at least one locus having a 
preselected, measurable locus specific characteristic 
flanked by first and second alleles nAich comprises: 

(i) subjecting said UNA target sequence to a 
polymerase chain reaction using first and second 

primer sets 

said first set of primers being 
complementary to both etf said first and second 
alleles, 

one of said second set of primers being 
specific only for a first or second allele unique 
to said locus, 
to produce a PCR product in which the only amplified 
sequences Include said preselected locus specific 
characteristic typical of said locus, and 

(ii) determining the presence or absence in said 
PCR product of sequences including said preselected 
locus specific characteristic. 

24. A method as defined by claim 23 in Mch step 
(ii) is accomplished by simultaneously separating the 
sequences including said preselected genus specific 
characteristic by gel electrophoresis. 
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25. A. xethod as defined by claim 23 or claia 24 in 
which, in etep (i) , a plurality of DHA target eequencea 
are slmaitaneaualy subjected to a polynerase chain 
reaction using first and second primer sets designed for 
the allele specific ainplif icatlon of each of the loci in 
said UNA target sequences having a preselected locus 
specific characteristic. 

26. K method as defined by claim 3 in which the 
aa^lification ptroduct is analysed by 

(i) forming a primer teiplate duplex in which 
the template is an amplified polynucleotide target 
sequence which may or may not include said locus 
specific characteristic and the primer is annealed to 
said template immediately 3' and adjacent to the 
•nucleotide involved In said locus specific 
characteristic} 

(il) subjecting said duplex to a polymerase 
chain reaction in the presence of a labelled odHTP in 
which M is a nucleotide complementary either to the 
next nucleotide in said target sequence which includes 
said locus specific characteristic or to the next 
nucleotide in said target sequence whleih does not 
include said locus specific characteristic, thereby 
producing a labeled locus specific extension product 
one nucleotide longer than said primer; and 
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(lii) determining the presence or absence of 
said locus specific extension product In the 
polynerase chain reaction product of step (11) • 

27. A method as defined by claim 26 in which said 
locus specific characteristic is an endonuclease 
restriction site. 

28. A method which comprisas simultaneously 
amplifying a template DKA target sequence utiliaing a 
plurality of primer sets so designed and positioned with 
respect to said template as to provide an amplification 
product including a plurality of amplified target 
sequences each of unique length and simultaneously 
separating said amplified target sequences of different 
length by gel electrophoresis. 

29. A method which oon^rises simultaneously 
amplifying by the polymerase chain reaction a DNA target 
sequence having a plurality of polymorphic loci each of 
said loci having a preselected, restriction site 
polymorphism flanked by unique alleles, 

utilizing in said simultaneous polymerase chain 
reaction a plurality of primer sets designed to 
provide an amplification product having flanking 
alleles of a length unique for each of said loci, 
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cleaving tha polymBraso chain reaction product at 
said preaelectad raatriction flttea to produce a 
plurality o£ alleles ot a length unique to each of 

said loci, and 

deteznining the presence or absence of alleles 
unique to each of said loci by gel electrophoresis. 
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P1 P2 LOCUS 
500 10 

419 0 

350 — — 8 

293 — 7 

245 — — - 6 

205 — 5 

171 — 4 

143 — 3 

120 — 2 

100 — 1 

Hypothetical AS-PCR pattern. Indi- 
vidual is heterozygous for loci 
1,3,6,8 and 10. PI and P2 are 
prlner sets specific for allele 1 
and allele 2 of the particular 
locus. 
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5' ATG6TBCACCTfiACTCa5AGGAGAA6TC7GCC6TTA .["PlTrP 

— > no libeled product 

3' TACCAC6Tfi6ACT6AGGACICCTC7TCABACfifiCAAT 

5 ' atggtgcacctgactcctg 
ASP-A 

noml ^-globln goie 



.["PldATP 

V 

5'atggtgcacctgactcctgX (20 nt) 



. . .ATGCTGCACCTGACTCCreiCeAeAAGTCTGCCSTTA .[""PldATP 

— > no labeled product 

. . .TACCACGTGGACTGASGAC&CacnCAGACGGCAAT 

5' atggtgcacctgactcctg 
ASP*A 

Sickle cell #-g1ob1n gene 



•["P]TTP 

V 

5'atggtgcacctgactcctg| (20 nt) 

Oligonucleotide ASP-A is extended with dATP but not TIP on the nomal i-globln 
gene tenplat and with TTP and not dATP with the sickle cell tenplate. The 
product is 20 nucleotides long and is labeled when the •-[^^IdtfTP Is used. 
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Science, Voliame 230 issued Dec. 1985 
(Washington D.C. USA) SaiKi et al. 
"Enzymatic Amplification Beta-globin 
Genomic Sequences and Restriction Site 
Analysis for Diagnosis of Sickle Cell 
Anemia" see abstract 
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